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ABSTRACT 
In many cases, the design of engineering structures does not only require the exact determination of 
stresses and strains but first of all a reliable prediction whether or not the considered mechanical 
system will resist to the applied loads. If the loads are varying with time, this prediction can either be 
based on classical step-by-step calculations or by the use of direct methods. 
In the present work direct methods are used to determine the maximum loading factor such that the 
system does not fail under varying thermo-mechanical loads. In particular, the static shakedown 
theorem by Melan [1] will be applied to compute the so-called shakedown factor  . The static 
shakedown theorem gives a lower bound of the loading factor and therefore leads to conservative 
solutions.  
Limited kinematical hardening is taken into account by the use of a two-surface model as proposed in 
[2]. The kinematical hardening is considered as a movement of the yield surface in stress space, 
which is described by the vector of time-independent back-stresses. The limitation of kinematical 
hardening is then described by the bounding surface. Throughout this paper the von Mises criterion 
will be used for both the yield surface and the bounding surface. 
The extended Melan's theorem taking account of limited kinematical hardening leads to a nonlinear 
optimization problem with equality and inequality constraints. The solution of this optimization 
problem is obtained by an interior-point algorithm, which recently has been developed by the authors 
[3,4].  
In this paper the underlying theory as well as some numerical aspects will be presented. Furthermore, 
the efficiency of the algorithm will be illustrated by examples of practical interest. 
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